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Abstract
Introduction: Clavicle fractures are very common, accounting for approximately 4% of all adult fractures. Segmental bipolar fractures involving the lateral and the medial ends of the clavicle are extremely rare, with only isolated cases reported in the literature. The injury mechanism is often unclear and the management of these fractures remains controversial.
Case presentation: Here is to report a case of a segmental bipolar fracture of the clavicle with a lateral fracture and a displaced medial fracture without dislocation of the sternoclavicular joint following a low energy fall to the outstretched hand, and discuss its management.
Conclusions: Stability of the clavicle is crucial for shoulder function and care should be taken not to miss or underestimate segmental bipolar fractures even with a low energy mechanism. Authors believe that operative treatment should be taken into consideration for displaced fractures.
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1. IntroductionClavicle fractures are very common, accounting for ap-proximately 4% of all adult fractures and 44% of which occur in the shoulder girdle (1). Nevertheless, medial fractures are rare accounting for 2% - 3% of all clavicle fractures (2). Segmental bipolar fractures involving the lateral and the medial ends of the clavicle are even rarer, with only isolated cases reported in the literature. The in-jury mechanism is often unclear and the management of these fractures remains controversial (3). Bipolar clavicle fractures usually involve the midshaft and the lateral end of the bone and it is thought that they occur more often as a result of high energy trauma with concomitant mul-tiple injuries (4).Here is to report a case of a segmental bipolar fracture of the clavicle with a minimally displaced lateral fracture and a displaced medial fracture without dislocation of the sternoclavicular joint following a low energy fall to the outstretched hand, and discuss its management.
2. Case PresentationA 68-year-old female, right hand dominant, slipped on ice and fell on her left outstretched hand. There were no open wound, no neurovascular deficit and no other significant injuries. The skin was not at risk. Standard x-rays of the shoulder girdle showed a minimally dis-
placed lateral fracture and a second displaced medial fracture of the left clavicle. A conservative treatment was proposed with regard to the patient’s age and her low functional demand. A week later the assessment was completed by a computed tomography (CT) scan which underlined a displaced medial fracture with shortening of the clavicle bone (Figure 1). This statement drove us to propose a final fixation of the clavicle by means of two locking plates. The hardware used consisted of two 3.5/2.7 locking compression (LC) anatomical plates with a lateral extension (DePuy Synthes®, United States). A left sided plate was used for the lateral fracture and placed cranially while a right sided plate was used for the medial fracture and placed anteriorly. The patient was operated in beach chair position under general an-esthesia. Antibiotic prophylaxis was given at the induc-tion. A longitudinal anterior incision was used. The re-duction of the medial side of the intermediate segment of the clavicle was particularly difficult due to the small medial fragment still attached to the sternoclavicular joint, and the rupture of the costoclavicular ligament and the lever arm produced by the coracoclavicular liga-ments still attached to the lateral side of the intermedi-ate fragment. Fixation of the lateral fracture facilitated the reduction and fixation of the medial fracture. Three 2.7 mm locking screws were placed in the medial frag-
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ment and stabilized the sternoclavicular joint by means of a transosseous non-resorbable suture of #2 FiberWire (Arthrex®, United States) running through two holes of the extension of the right sided plate placed anteriorly and through two tunnels of 2 mm of diameter drilled in the manubrium. Early passive and active mobilization of the left shoulder was begun from the second post-operative day. A sling was used for six weeks as antalgic support and the abduction of the left arm was limited to 90° during this period because of the poor quality of the clavicle bone and the relative stability of the fixa-tion of the medial fracture. After six weeks the patient was practically pain free and presented a limitation of the range of shoulder motion. After three months the patient was able to completely move her left shoulder. After six months bony consolidation of the clavicle was achieved (Figure 2). After the last control (at 12th months) the Disabilities of the Arm, Shoulder and hand (DASH) score was 5.0 and there was no significant hard-ware irritation.
Figure 1. Computed Tomography Three-Dimensional Reconstruction of the Left Shoulder Girdle Showing Displaced Medial Fracture and Oblique Lateral Fracture With Shortening of the Clavicle Bone
Figure 2. X-Ray at Sixth Month; Axial View of the Left Clavicle Showing Signs of Consolidation
3. DiscussionFrom the first time a case of bipolar clavicular lesion was described in 1831 by Porral (5) until today there is nei-ther consensus nor universally accepted guidelines con-cerning the management of segmental bipolar fractures of the clavicle, mainly due to the limited number of cases reported in the literature.First of all, it should be highlighted that medial frac-tures of the clavicle should be investigated by a CT-scan because they are frequently misdiagnosed or underesti-mated without considering the high risk of concomitant lesions like rib fractures, sternoclavicular dislocations and pneumothorax. A CT-scan is also very useful in the postoperative follow-up because of the superposition of the thorax to the proximal clavicle.The mechanism of these double segmental fractures re-ported by most authors is either a high energy trauma or two separate successive injuries.  In the current study, the patient described a low energy fall on the outstretched hand and had no other concomitant injuries. A plausible explanation is provided by Stanley et al. (6) who suggest that, after the first contact of the outstretched hand on the ground, the fall continues because of the patient’s body weight and falling velocity sustaining a secondary direct blow to the shoulder.To manage such fractures, it is clear that non displaced fractures could and should be treated non operatively (3, 7). Even highly displaced bipolar fractures of the clavicle are treated conservatively with excellent results (8); the high risk of nonunion with one of the two fractures unit-ing and the other one should not be considered. This is documented for other long bones (9) and small series or case reports suggest that it may be also the case for the clavicle (10). In addition to the risk of nonunion, the authors feel that neutralization of the lever motion by fixing both sides of a segmental bipolar fracture of the clavicle provides stability and limits the need for more rigid fixations especially at the sternoclavicular joint. The choice of technique and implants is challenging for medial fractures (4). Different techniques are described such as K-wires and tension bands (11, 12), lag screws, lock-ing plates (13, 14) or hook plates (15). Authors’ choice was angular stable implants by means of two LC-plates. Evi-dence in the literature suggests that LC-plates of the clav-icle present less deflection at failure and less plate loose-ness (16). In the current case the small medial fragment could lead some surgeons to fix the sternoclavicular joint by means of a hook plate or a temporary sternoclavicular fixation. Such a techniques are described and performed with success (10, 15), but a second operation is necessary for partial or complete removal of the hardware. Authors decided to stabilize the sternoclavicular joint with a tran-sosseous nonresorbable suture attached onto the plate using two tunnels of 2 mm of diameter drilled in the ma-nubrium.Stability of the clavicle is crucial for shoulder function 
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and care should be taken not to miss or underestimate segmental bipolar fractures even with a low energy mechanism. Authors believe that operative treatment should be taken into consideration for displaced frac-tures. In the current case, fixation with two locking plates at both ends of the clavicle led to fracture healing with a good functional outcome.Considering the limited number of segmental bipolar fractures of the clavicle that a surgeon should treat dur-ing his/her career and the paucity of cases described in the literature, authors believe that sharing information and therapeutic options is useful and could contribute to work out a consensus in the management of these un-usual lesions.
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